The effects of the cation-to-anion resin ratio and the amount of resin on anion exchange performance was experimentally studied with mixed-bed columns. 
experiments
were performed in continuous packed bed ion exchange column with commercially available exchange resins. The performance was evaluated with the breakthrough curves obtained.
The results showed that the shape of chloride breakthrough curves and the level of leakage depended on the amount of anion exchange resin based on the resin ratio. The continuous column operation was performed to investigate the effects of the cation-to-anion resin ratio in the column on the performance of mixed-bed ion exchange. The experimental system consisted of mixed-bed columns, a water purification column, a feeding pump, a feed solution storage, and an ion chromatography (2000i/SP, Dionex Corporation) for analyzing effluent concentrations, and is shown in Fig. 1 .
The purification column is a large size mixed-bed ion exchange column, and was used to supply the sufficient amount of ultrapure water to make feed solution. To make sure that the bed is homogeneously mixed with cation and anion-exchange resins, the experimental columns should be directly visualized. Thus, the columns were made by Pyrex glass, and the size of column was 2.54 cm inside diameter and 50 cm height.
As a feed solution, sodium chloride solution was prepared using very pure water made from the water purification column. Influent concentration was 10-4 MNaCl and this meets maximum electrolyte concentration which is produced in condensate polishing plants. [3] The feed solution was supplied to the experimental columns with Table II .
Special care was given to mixed-bed preparation to acquire intimate mixing of cation and anion resins. The results of water sample analysis were described by breakthrough curves expressed as the ratio of the effluent concentration(C) to the feed concentration(C0) vs. solution volume passed through the experimental column. Fifteen runs were made to characterize general trends of breakthrough curves. The experimental conditions for general trends of breakthrough curves are shown in Table I . In addition, the levels of leakage are almost constant, with a very low level for a lengthy period of time before the breakthrough curves started to rise. This will be due to the long bed depth and the large selectivity coefficient of anion-exchange resin. The selectivity coefficient for the exchange influences the breakthrough curve, i.e. the relative steepness or sharpness of breakthrough curves. [4, 5] The larger the selectivity coefficient is, the steeper the breakthrough curve is. The exchange wave continues to spread with distance through the column. Since the liquid-film diffusion rate control is assumed in this study, liquid-phase diffusion coefficients of ions, and selectivity coefficients for the chloride-hydroxide exchange will influence the breakthrough curve. Through the study of adsorption with shallow beds, Coppola and Levan [6] claimed that the exchange wave approaches the constant pattern shape in deep beds with the large selectivity coefficient. However, the mass-transfer zone can occupy a substantial fraction of the total bed length in shallow beds, so the constant pattern shape is not approached in shallow beds and the shape of breakthrough depends on the bed depth. The bed depths of our experimental columns are higher than typical shallow beds. Thus, chloride breakthrough curves show a constant pattern of behavior in deep beds that has the total resin amount of 6.0 or 9.0 g, but a slightly inconsistent pattern is observed for 3.0 g.
The effects of the cation-to-anion resin ratio on the effluent concentration can be observed. Table 1 shows the capacity of cation resin is much higher than that of anion resin. This means that cation exchange rate can be higher than anion exchange rate. However, the experiments showed much steeper breakthrough curves for anion exchange. It mean that there are other parameters except resin capacity that influence ion exchange rate, i.e.
the shape of the breakthrough curve. They are selectivity coefficients, mass-transfer coefficients and diffusion coefficients of ions. The selectivity of the resin towards the exchanging ions determines the sharpness of the exchange wave.
